Morphology, ultrastructure and formation of resting cysts of E. agilis H.J. Carter and E. anabaena Mainx are described. The SEM micrographs of cysts of E. anabaena and E. agilis are presented for the first time. Information on the neuston film formed by these species is given. An ecological database and list of accompanying species is also included.
Introduction
Many representatives of the genus Euglena Ehrenb. are able to transform their bodies from characteristic unicellular motile stages into non-motile mucilaginous colonies. Euglenoid monads during the encystation change their original shape into ovoid, oval up to spherical forms, losing flagella. Subpellicular mucus bodies eject mucilage (which consists of polysaccharide and /or glycoproteins) that forms layers around the Euglena cell (Cogburn & Schiff 1984) . Mucilaginous envelopes (cysts) are usually conspicuous, spherical, flask-shaped (E. tuba H.J. Carter), or pentagonal (Distigma Ehrenb.). In the phycological literature (e.g. Skuja 1948 , Gojdics 1953 , Huber-Pestalozzi 1955 , Starmach 1983 ) thesemucilaginous colonies areusual-ly called palmelloid or gloeocystis stages. Three basic types of cyst are formed by Euglena species : (i) protective -generally have a heavy, sometimes stratified, wall and containing one cell ; (ii) reproductive (palmella formation) -have a thin, elastic, permeable membrane that increases in diameter as the cells divide, palmella formation occurs among large number of cells (Gojdics 1953) , the cells are nonflagellated ; (iii) temporary, resting, or transitory cysts -have a wall that is impervious to water, but which contains a small pore.
Some species of Euglena may form more than one of the cysts during the life cycle (Buetow 1968) . According to Jahn 1951 (after Buetow 1968), E. gracilis G.A. Klebs can form a reproductive cyst or a temporary cyst. The cells embedded in mucilaginous colonies are able to divide and move slightly in their own mucilage capsule changing position of the cell; and also reform the flagella and leave the mucilage. Palmella stage occurs among large numbers of cells (Gojdics 1953) . Such colonies are free-floating in thé plankton or fall into the metaphyton/benthos. In E. gracilis and E. viridis Ehrenb. the cyst may contain 32-64 cells (Jahn, after Buetow 1968) ).
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Several Euglena species create a neuston film -a red neustonic film is caused by E. sanguínea Ehrenb., a green one by E. polymorpha PA. Dang., E. granulata (G.A. Klebs) Schmitz, E. agilis H.J. Carter, E. viridis, E. anabaena Mainx -(see cited monographs). A unique neustonic bloom of E. granulata var. polymorpha (P.A. Dang.) T.G. Popova (= E. polymorpha) was observed in an experimental fishpond at Laskowa near Zator, S Poland, by Bednarz (1974) . On the surface of the water a pectin-like hyaline net was formed, in the mesh of which moved Euglena cells with flagella always directed downwards the water (Figs. 1-4 ).
Another type of resting cysts has been observed in Euglena agilis (= E. pisciformis G.A. Klebs) by the first author of this article (Hindák 1982 (Hindák , 1986 . Motile cells of Euglena entered a colonial mucilage of planktic species of the genus Microcystis [M. aeruginosa (Kütz.) Kütz., M. minutissima W. West] and Anabaenopsis elenkinii Miller, rarely also of other cyanophytes, changing into oval up to spherical bodies and producing a brownish to dark brown envelope layer around. Because of some similarities in the shape and colour of these envelopes with loricae of the genus Trachelomonas Ehrenb., the endogloeic cysts were called Trachelomonas-like resting cysts (Figs. 5, 6 ). These cysts did not exhibit any conspicuous tendency to wait out the unfavourable life conditions, as is characteristic of other types of resting stages, since the protoplast of cysts divided after a definite, sometimes relatively short time, and the daughter protoplasts were able to emerge from the Trachelomonas-like brown loricae by an intensive changing cell motion and, sometimes, also with the help of a long flagellum, and move. The new daughter protoplasts then remain either in the same host colony, or leave it, moving freely in the water and/or passing into the mucilage of another host colony. The wall of Trachelomonas-like cysts was irregularly granulated, but no regular structure and no opening for the flagellum was observed as in the genus Trachelomonas (Fig. 5) . In contrast to the mentioned palmelloid stages in Euglena, these cysts occurred in cyanophyte colonies mostly solitary or, in small groups, never fonning large colonies.
In recent years, similar cysts with a brown Trachelomonas-like envelope were found in neuston films formed by E. agilis, E. anabaena and E. viridis. However, in E. agilis these neustonic cysts (Figs. 7-9, 23-27) differed from those found in planktonic cyanophyte colonies (Figs. 5,6), both, in the envelope structure and the ecology. In this article the formation of resting cysts of the mentioned two species and morphology of cysts under the light and electron microscopy are described and discussed.
Study area, material and methods
Euglena neuston bloom was studied from two places, both located within the city Hmits of Bratislava. One locality is a small forest fishpond in Zelezná Studienka, situated ca 2 km northwest of the State sanato-V rium, while the other one a big garden flower-pot with accumulated rainwater placed in the park of the Slovak National Uprising Square.
The investigated forest fishpond is about 0.5 km 2 , and has a slightly prolongated rectangular shape, max. depth about 2 m, pH 7.6-7.8, temperature 18-21°C (in the second half of July 1994). The macroscopic neuston bloom was observed only in July and August 1994. The fishpond was discharged in the previous autumn and in the late spring and summer 1994 refilled but only to half the usual water level. Because of favourable conditions, i.e. a relatively hot summer that year, low water level -and thus partly protected strong windthe neuston film developed enormously on the surface of the fishpond, at first sight resembling a cyanophyte water bloom (Fig. 22) . The neuston bloom covered the water surface in the form of a fine film, but when the neuston was blown toward the shore it became up to several mm thick and deep green in colour. The neuston film took about a third of the water surface of the fishpond, with the maximum near the shore and outlet. Under unfavourable conditions, e.g. by strong wind or heavy rain, the neuston film was mixed with the plankton water and Euglena-cells left the mucilage capsules, transformed into motile stages with flagella and swam in the water. However, under favourable conditions the neuston film formed again. During neustonic bloom also the water of the fishpond itself was green because of the dominance of motile cells of Euglena anabaena and E. agilis in the planktonic community. The neuston bloom disappeared in autumn and since then has never again been formed in this locality.
The second place where an euglenoid neuston was observed is from ecological point of view quite different from the previous one. In a small park in the Slovak National Uprising Square, in a garden flower-pot about 50x50x70 cm in size (at the time the pot was without flowers but still contained garden soil), rainwater had accumulated. On the surface of the pot water layer a conspicuous green neuston film developed at the end of September 1995.
For LM observations a Diaplan Leica microscope was used, and for SEM studies the REM JEOL JSM- As already mentioned, the neuston film of the forest fishpond consisted predominantly of resting cysts of Euglena anabaena (Figs 11, 12, 20, 21, 28 ) and E. agilis (Figs 14-19, 38) . Under favourable climatic conditions, the motile cells of both species, abundantly occurring in the plankton of the fishpond that summer, moved upward to the water surface, attached to the water film, and transformed into resting cysts. From the beginning of the neuston development, the film resembled a hyaline honeycomb or a network, i.e. the motile cells were fixed to the water film and joined by the mucilage very tightly, so that the neighbouring cells created a one-layered compact or perforated film (Figs. 7, 13, 22) . The motile cells were fixed to the surface water film by their antapical part, having their apical part with the flagellum being submerged in the water (Figs. 23, 24, 27) . The attached cells gradually produced irregular mucilage layers, and created a special envelope directly round their bodies. The envelopes were at the beginning hyaline and thin, but later on thicker and brownish.
The neustonic network was mainly formed by the cysts of E. anabaena (Figs. 10, 13, (28) (29) (30) (31) in which vegetative cells were conspicuously larger than those of E. agilis (Figs. 38-41 ). The cysts of the latter species usually filled empty gaps between those of the former one. Owing to strong wind and other forms of mechanical movement of the water surface (and also during the transportation of the samples of the neuston film into the laboratory), the Euglena cells in the neuston were able to move from it very quickly, leave the film layer, and swim again in free water by means of flagella (Figs. 11, 12, (14) (15) (16) (17) (18) (19) 20, 21, 28, 38 ).
-Morphology of cysts of Euglena anabaena
The cysts of E. anabaena (Fig. 31) were from the top view, circular to irregularly circular or broadly oval, from the side view, oval and slightly flattened (Figs. 29, 30) . Developed cysts were completely covered by an envelope (Figs. 38-41 ). The surface of envelopes was without any regular structures, mostly smooth or finely rough and porous. Some envelopes were allusively concentrically layered or spirally twisted (as a fine replica of a spiral construction of Euglena cells), only rarely with a central porus in the top (Figs. 36,  37) . The envelope was composed of fine fibrils (Fig.  35) . The upper part of the envelopes (obviously being in contact with the open air) was thicker than the submerged lower part, thus forming a cap as is known in other neustonic microorganisms (Pascher 1942 , Korshikov 1953 ).
-Morphology of cysts of Euglena agilis
Morphology of cysts of Euglena agilis (Figs. 38, 39 ) exhibited many features of those of E. anabaena, namely in origin, structure and composition. However, there were some differences (see Hindák 1982 Hindák , 1986 . The cysts were protective with a heavy, sometimes stratified wall (Figs. 40, 41 ).
Accompanying species of the neuston film
Apart from strongly dominant species of Euglena anabaena and E. agilis, other cyanophyte and algal species were found as a part or an admixture of the neuston film. This is only to enumerate accompanying species, because they will be treated in detail elsewhere. From Cyanophyta it was mainly Trichormus sp., while other species, such as Merismopèdia tenuissima, Lyngbya sp. occurred only sporadically. From other groups of algae were present Heterothrix ulotrichoides Pascher (Xanthophyceae), Amphora libyca Ehrenb., Nitzschia palea (Kütz.) W. Sm., Navícula cryptotenella Lange-Bert., N. pupula Kütz. (Bacillariophyceae), but mainly green flagellates [Chlamydomonas petasus H. Ettl, C. mantonii (H. Ettl) H. Ettl, C. epibiotica H. Ettl, C. spinifera H. Ettl, Cartería asterochloris H. Ettl, Diplostauron angulosum Korshikov, Pedinomonas minor Korshikov] and chlorococcal algae (Nautococcus mammilatus Korshikov, Ferricystis mucicola Hindák). Taxa published from the territory of Slovakia for the first time are marked with asterisk (*) (Hindák & Hindáková 1998 The plankton of the forest fishpond was dominated by two species of the genus Euglena : E. agilis and E. anabaena which also dominated in the neuston film. Other cyanophytes and groups of algae (except diatoms) occurred relatively in small number of species and quantity. 
